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ABSTRACT

Mechanical Properties of Sea Ice (MPSI) is a joint industry-govern-
ment program to investigate the crystal structure and mechanical properties of
multi-year pressure ridges of sea ice. Over 200 uniaxial compression tests
were conducted on samples collected from near Beaufort Sea. This report pre-
sents a statistical analysis of these test results. Effect of location vari-
ables and physical properties on mechanical properties and crystal structure
were statistically analyzed.
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Mechanical Properties of Sea Ice - Statistical Data Analysis
by
P. Sengupta

INTRODUCTION

Mechanical Properties of Sea Ice (MPSI) is a joint industry-govern-
ment program, administered by Shell, to investigate the structure and mechani-
cal properties of multi-year pressure ridges of sea ice. In Phase 1 of this
study, ice samples were collected from ten ridges northwest of Reindeer Island
in the Beaufort Sea. Tests were then‘conducted by U. S. Army Cold Region
Research and Engineering Laboratory (CRREL) under contract to Shell Develop-
ment .Company. Tests were primarily uniaxial compression, with some uniaxial
tension and conventional triaxial.

This report presents the statistical analysis done at Shell Devel-
opment's Systems Development Department of 222 uniaxial compression constant
strain rate tests. Mechanical properties (e.g., peak stress/strain), physical
properties (e.g., porosity), and location parameters (e.g., ridge) were avail-
able for each test. The objective of this analysis was to correlate these

properties and parameters statistically.

1« TEST TYPES AND VARIABLES

One of the principal purposes of Phase 1 was to determine if ice
samples from different locations have different mechanical properties, There-~
fore, ten different multi-year ridges were sampled. To determine variations
within a ridge, samples were collected at two different sites {14 to 46 meters
apart) within each ridge. To get necessary replications, two cores were
obtained close to each other (less than 100 cm apart) from the same site. The
four cores within a ridge will be referred to as A,B (one site), and C,D (the
other site). Yet another important variable to be examined is whether a
sample is from above or below the sea level, and its depth from the surface.

The significant independent variables to be investigated were strain.
rate and temperature. To this end, tests were conducted at two different

strain rates (10'3/sec, 10'5/sec) and temperatures (-5°C, -20°C)., These
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values approximately cover the range of strain rate and temperature that is of
practical importance. The number of tests done at different strain rates ()

and temperature (T) is summarized below:

* Temperature
Strain Rate -5°C -20°C
10 3/sec 69 41
107 /sec 71 41

The following table gives a breakdown of the above by different

ridges.

Strain Rate and Temperature

10_3/sec 10"3/sec 10'5/sec 10—5/sec

Ridge No. ~5°C -20°C -5°C -20°C Total
1 5 6 6 6 23

2 12 6 6 24

3 5 11 6 22

4 11 6 5 22

5 13 6 24

6 3 3 3 3 12

7 12 6 5 23

8 6 12 6 24

9 6 8 4 6 24

10 4 6 6 8 24
Total 69 41 71 41 222

We also give below the detailed breakdown of types of tests done for
samples from any one ridge. For illustrative purposes, we select ridge 1.

Others are similar, though not identical (see Appendix 1 for full details).

Ridge 1
Sea Level
Site Above Below
AB 2 (10 3/sec, -sec) 3 (107 3/sec, -5°C)
2 (107 /sec, -5°C) 4 (107 /sec, -5°C)
cD 2 (10™3/sec, -20°C) 4 (107 3/sec, -20°C)

)

(1072 /sec, =-20°C) 4 (107%/sec, -20°C)

The tests were done on a closed-loop electrohydraulic machine. Test

temperature and strain rates were controlled during the test. Measurements on
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various strains and loads were taken on a continuous basis. Later, from force-
displacement curves, different modulus values were calculated. 1In addition,
physical properties of the sample, like salinity, porosity, etc., were also
measured. On a limited number of tests, crystallographic analyses were done.
Finally, from photographs taken during the tests, the failure mechanisms were
determined.

A list of measured properties (mechanical and physical) is given

below:
variable Description

oﬁ(psi) Peak stress, or strength

sm(FS)(%) Strain at 9 determined by the exten-
someter over the full sample length of
10 in,

t.(s) Time to peak stress

cé(psi) Stress at end of test

se(FS)(%) Full sample strain at end of test

ta(s) Time to end of test

Ei(GL)(1O6 psi) - Initial tangent modulus determined using

) strains found over the gauge length

EO(FS)(1O6 psi) Secant modulus determined using full
sample strains

Si(o/oo) Sample salinity at test temperature

p(lb/ft3) Sample weight density at test temperature

Vb(o/oo) Brine volume at test temperature

Va(°/oo) Air volume at test temperature

n(o/oo) Porosity at test temperature

Yo Initial Poisson's ratioi circumferential
and gauge length strain measurements used

FAIL Failure Mechanism; Primary, Secondary

CRYS Crystal structure

A commercial statistical software, SAS (Ref. 3) was extensively used for the

statistical analysis.,

2. EFFECT OF LOCATION ON ICE PROPERTIES

The location of a test is characterized by a number of parameters.

These are ridge, site, core, above/below sea level, depth. For our analysis,
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we do not differentiate between cores within a site. Also, after loocking at
the data and making some preliminary plots, it was decided that depth does not
have any statistically significant effect on ice properties. Therefore, we
concentrated on ridge, site, and above/below sea level in further analysis.

We dealt with only the major measured variables.

2.1 Effect of Sea Level

Disregarding the effects of ridges and site, the average of o (psi)
at different (T, ¢) levels for above and below sea levels were calculated.

These are given below:

Strain Rate = 10'3/sec Strain Rate = 10’5/sec

: Temperature Temperature
Sea Level -5°C ~-20°C -5°C -20°C
Above 836 1429 335 414
Below 902 1377 342 389

A more detailed summary (segregated by ridges) is given in Appendix 2.

From the above table, there does not seem to be large difference in
9 based strictly on whether the sample is from above or below sea levél. To
get more specific statistical information, t-tests were performed at each of
the (T,é) levels. There were no statistically significant differences in
mean o_ between above and below sea level samples. To account for differences
among ridges, similar t-tests were done for one single ridge, again at all
(T,é) levels. The results again indicated no significant differences. Com-
plete details are given in Appendix 3.

Similar t-tests were done on porosity. Significant variations were
found here. Above sea level samples had higher porosity than below sea level
samples. This was true for all the tests (i.e., grouping all ridges together),
as well as for many of the individual ridges. Details are in Appendix 4. The

average porosity values for above and below sea level samples are given below:

Average Porosity
(0/00)

Above sea level 55.5
Below sea level 36.1
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2.2 Effect of Ridge

Determining variation of ice properties over different ridges is one
of the primary objectives of Phase 1. This impacts the sampling of subsequent
phases in a major way. For instance, no significant ridge effect would allow
us to collect ice only from one or two ridges in Phase 2/3.

Figures 2.1 and 2.2 display the averages and standard deviations

of oﬁ over the ridges for all four (T,é) levels. There is obviously a large
amount of scatter in the data, as can be seen from high standard deviations
for some of the ridges in Figure 2.2. Another important point is the wide

variation in standard deviation from ridge to ridge. A visual inspection of

Figure 2.1 shows some patterns. There is some increase in average cm from

ridge 9 to ridge 10 for all (T,é) levels, decrease from ridge 1 to ridge 2,
increase from ridge 4 to ridge 5, and so on. Whether these are statistically
significant or not will be tested later.

Figure 2.3 is a similar plot, and it displays minimum observed o by
ridges (minimum o is important for design purposes). The prlot for tempera-
ture = -5°C and strain rate = 10°3 looks different from others in that it dis-

plays wider variations in minimum observed On from ridge to ridge. From

Figure 2.2, the same thing is true for standard deviations of O The primary

reason is that there are some samples with extremely low Sn values in

ridges 2, 7, and 8. These are:

Sample .

R2A-110/135 408
R7B-072/098 487
R8A/033-058 346

To illustrate the wide variation in Sn in seemingly similar ice samples, we

give below the details of two test results from ridge 8.

Ridge Site Depth Sea Level Density Porosity o
R8 AB 033/059 Above 53 75 346
R8 AB 011,037 Above 52 84 811

Complete details of averages, standard deviation, maximum/minimum, etc,, of cm

by ridges are given in Appendix 5.
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To better quantify effect of ridge on S it was decided to analyze
the data using formal General Linear Models. Since sea level was found not to

have significant effect on Gm, the two remaining location variables are ridge

and site.

Model: Dependent variable = o :
Independent variables = ridge, site (nested within ridge)

The significance level of the effects of the two variables for different

(T, &) combinations are given below:

Probability > F
Strain Rate Temperature R? value Ridge site (Ridge)

10™3 -5 0.31 0.06 0.43
10~3 -20 0.41 0.05 0.13
107> -5 0.20 0.28 0.89
1072 -20 0.21 0.42 0.84

Details are given in Appenxix 6.
Since site does not seem to have a significant effect on o we next
model cm as a linear function of ridge only. The results are similar to above

and are given below (details in Appendix 7).

. Probability
Strain Rate Temperature RZ vValue of Ridge
10”3 -5 0.23 0.06
10”3 -20 0.29 0.05
1073 -5 0.17 0.22
1073 -20 0.18 0.29

The table points to a few conflicting results:

(1) A simplistic conclusion will be that there is significant
ridge-to-ridge variation at strain rate of 10’3/sec, but not
at 10'5/sec.

(ii) However, there are some statistical assumptions behind using
General Linear Models that are not strictly satisfied for our
data. Leaving aside the normal distribution assumption, there
is an assumption of homogeneous variance of ¢ (for all the
ridges). Referring back to Figure 2.2, we can Lee that vari-
ances from ridge to ridge are widely different.
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(iii) The wvery low R? values indicate either large random scatter
within a ridge or ‘'incomplete' model, or both (more likely).
Therefore, any conclusion drawn will be suspect,

Doing t-tests on individual pairs of ridges with unequal variances
built in the t-test allows us to circumvent the first difficulty to a large
extent. Therefore some pair-wise t-tests were carried out for the samples at

10'3/sec strain rate and -5°C temperature. These results are given below:

Prob > |T|
No. of - Average S.D, of Equal Unequal
Ridge Tests o o Variance Variance
5 5 1018 - 180 0.01 0.03
9 6 756 92
3 5 927 44 0.01 0.001
4 11 785 94

Thus the t-test shows that for the above pairs, average Om of one ridge is
significantly different from that of the other ridge.

The final analysis we did to analyze effect of ridge on o, vas by
working with ranks rather than values of O This was to see if different
ridges had similar rankings (i.e., ridge 1 samples had higher/lower average
% than ridge 5) across different (T,é) levels. This was done in two dif-
ferent ways:

(A) For strain rate of 10"3/sec and temperature of -5°C (we refer

to it later as type 1), all 10 ridges were ranked 1 to 10

based on average ¢_ of their samples (1 - lowest, 10 - high-

est). Similarly £or strain rate of 10~ (sec and temperature

of =-20°C (type 2). The other two (T,e) levels were not

included because those did not contain test data from all
10 ridges. The resultant ranks are:

Ridge
Type 1 2 3 4 5 6 7 8 9 10

1 10 4 8 2 9 3 6 5 1 7
6 4 7

We can visually see some patterns. Ridge 10 had 7th lowest
average o_ in both test types. Ridge 4 had very close ranks
(2n4, 3rd? for the two types, and so on.
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(B) All 4 (T,E) jevels and 4 ridges (1, 6, 9, 10) were ranked and
analyzed in same waye. Again, all ridges were not included as
tests for the other ridges were not conducted for all (T,e)
levels. The resultant ranks are given below:

Ridge
Type 1 6 9 10

Wb W W

2 1
1 2
2 1
1 2

S W =
W

An ANOVA (Friedman Test) showed consistent rankings of ridges
across the 4 (T,e) levels at high statistical significance
(a¢ level = .006).

Similar tests were done on standard deviations of
o within ridges. Results again showed consistency.

See Appendices 8 and 9 for details.

In conclusion, variations of o values within a ridge dominate vari-
ations between ridges. Nevertheless, we cannot say that in Phase 2 or 3, if
we sample ice from one or two ridges, we can pe sure that the behavior of ice
is truly representative of all ice (over all ridges). The only way to resolve
this problem is to characterize ice by its underlying physical properties like
salinity, porosity, crystal structure, etc. Then we can determine differences
among ridges, if any, and account for such in final analysis. After more
crystallographic data become available, further analysis will be done in this

area.

3., EFFECT OF PHYSICAL PROPERTIES ON COMPRESSIVE STRENGTH

3.1 Effect of Porosity

Figures 3.1=3.4 show the plot of cm vs. air volume, brine volume,

density, and salinity, all for temperature = -20°C, and strain rate = 10'3/sec.

Figures 3.5-3.8 show the plots of o, VS- porosity at all 4 (T,é) levels. Even

though there are some general trends, as would be expected, the plots also
show large scatter, making it difficult to draw any definitive conclusions.

In order to quantify some relationship of Gm with physical properties of ice,
we tried various linear models, taking different combinations of air and brine

volume, porosity (which is air + brine volume), density, and salinity. Only
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at one (T,é) level we found any reasonable fit. At temperature = -20°C and

strain rate = 10'3/sec, the following model
, 2 . 2
o, = -0.51 (porosity)” + 0.48 (air volume)

gave an R2 value of 0.45,

3.2 Effect of Crystal Structure

Crystal structure of ice was found to be one of the most important
vafiable for predicting ice behavior. Unfortunately, information is available
for only 34 tests. CRREL (Ref. 1) came up with a classification scheme. The
major classes were granular ice (Type I), columnar ice (Type II, with further
subclasses), and mixed ice (Type III, with further subclasses). Their

complete scheme is given below.

Ice Type Code Structural Characteristics
Granular I Isotropic, equiaxed crystals
Columnar II Elongated,’columnar grains

iIA Columnar sea ice with c-axes normal to

growth direction. Axes may not be aligned.

IIB Columnar sea ice having random c-axis
orientation (transition ice),

I1IC Columnar freshwater ice, may be either
anisotropic or isotropic.

Mixed III Combination of Types I and II
IIIA Largely Type II with granular veins
IIIB Largely Type I with inclusion of Type I

or II ice (brecciated ice).

We give below the crystal structures, Gm’ and porosity for the

34 tests for which data were available.
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Temperature = -5°C, Strain Rate = 10‘3/sec
Crystal Average
Structure Porosity qn a
1 86.9 408 408
2A 20.3 1580
2A 24.2 1297
2A 211 1270
2A 22.3 1270 1323
2A 32.0 1540
2A 25.6 1440
2A 16.3 915
2A 1642 1270
2C 23.3 557 557
3 21.0 925
3 15.1 587
3 23.5 970 775
3 56.2 910
3 53.4 487
3A 53.0 910 628
3A 75.2 346
3B 31.4 971 971




[

i 3

(1)

(i1)

11
WRC 149-84

Temperature = =-5°C, Strain Rate = 10~ >/SeC

Crystal Average
Structure Porosity g o]
m m
1 56.1 368
1 10.1 388 372
1 69.5 361
2A . 25.3 1090
2A 16.9 619
2A 23.7 ' 696 675
2A 24.5 657
2A 72.3 774
2A 19.4 214
2B 23.8 348 348
2C 24.4 607 607
3 38.9 214 221
3 77.8 229
3A 153.9 68 68
3B 15.3 394 282
3B 143.0 171

Clearly, some patterns emerge:

Ice having 2A crystal structure is the strongest type at both
strain rates. Others have low to intermediate strengths.

Within a particular crystal structure, there is still large
{though much lower) scatter., Some of it may be explainable by
other variables 1like porosity. In general, higher porosity
gives rise to lower o . But significant scatter will still
remain. For example, at strain rate = 10'3/sec, two samples
having identical structure (Type 3) and porosity (56.2 and
53.4) had widely different e (910 and 487 psi).
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4. EFFECT OF STRAIN RATE AND TEMPERATURE

So far, we have been doing most of analysis on the assumption that
temperature and strain rate have significant effect on peak stress. This is,
of course, well known; and is supported by our test data.

The average values of Oﬁ for different (T,¢e) levels are given below:

Temperature
Strain Rate -5°C -20°C

10~ 3/sec 879 1396
1073 /sec 340 399

As expected, Gh increases as strain rate increases and as témperature
decreases.

A straightforward ANOVA-type analysis showed both effects to be
statistically significant (see Appendix 10).

To get some idea about the distribution of o for each test condi-

tion, frequency histograms were drawn. These are given in Figure 4.1-4.4.

The data at temperature = -5°C, strain rate = 10—5/sec look definitely skewed
to the right. So do the data at temperature = =5°C, strain rate = 10'3/sec,
though to a lesser extent. The calculated skewness numbers are given below:

Temperature
Strain Rate -5°C -20°C

10'3/sec 0.72 0.19
10™5/sec 2.37 =0.02

Tests were also conducted for normality. For temperature = -5°C,
Kolomogorov D-Statistic was used. Data at both strain rates indicated non-
normality. For temperature = -20°C, a special small sample statistic,
Shapiro-Wilk's W statistic, was used. Here normality was indicated very
strongly for both the strain rates.

Details are given in Appendix 11.

5. FAILURE MODE ANALYSIS

5.1 Failed vs. Nonfailed (Before 5% Strain)

All the tests were programmed to continue up to 5% strain. However,

some tests were terminated before this point by failure. We wanted to deter-
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mine if we can distinguish between these two groups of samples (i.e., those

which failed and those which did not fail before 5% strain) by some of their

physical or mechanical properties,

At strain rate of 10'5/sec, close to 90% of the samples continued to
5% strain without failure. Among the rest, many tests were terminated early,
not because of failure, but because of experimental problems; but we do not
have records to distinguish these. Therefore, we did not analyze these tests.

At strain rate of 10"3/sec, a much higher number of samples failed
before 5% strain. This differential in behavior at different strain rates
obviously needs to be investigated further (i.e., ice acﬁihg in more of a
brittle manner at higher strain rate). The number of samples that failed is

given below:

No. of No. of Samples Percentage of
Samples That Failed Failed Samples
: - -3
Strain rate = 10" “/sec 68 42 62
Temperature = =5°C
: - -3
Strain rate = 10 ~/sec 39 18 46

Temperature = -20°C

We did a discriminant analysis on failed/non-failed samples. A num-
ber of models were tried. The final model adopted was a quadratic discrimi-
nant model with EO(FS) and Ei(GL) as independent variables, see Appendix 12.
From the plots given in Appendix 12 one can visually associate increase in

EO(FS) with increasing chance of non-failure of a sample.

5.2 Failure Type

From the photographs taken during testing, three different failure

modes were identified (Ref. 2). These are:

Shear failure (Type 1)
Longitudinal splitting (Type 2)
Crushing failure (Type 3)

None (Type Q)

Some test samples failed in a combination of modes. An attempt was
made to identify both the primary and the secondary modes. However, wvery high

reliance cannot be placed on such distinctions. Also, potential failure modes
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These were determined by the con-

dition of the sample at the time the tests were terminated.

A summary of the number of samples for different failure modes is

given below:

T = =5°C

= 10_3/sec
T = =20°C
€ = 10-3/sec
T = =5°C
£ = 10—5/sec
T = =20°C

= 10_5/sec
Similar

into account:

T = =5°C

Failure Modes (Primary & Secondary)

10

5

€= 10-3/sec

T = =20°C

€= 10-3/sec

T = =5°C

£ = 10—5/sec

T = =-20°C

£ = 10—5/sec

1z 13 20 21

2 8 10 1

Primary Failure

23 30 31 32

10 17 9 5

32 15 3

10 7 1

information is given below, only taking the dominant mode

Mode

1 2

15 {22%) 21 (31%)

9 (23%) 12 (32%)

20 (29%)

17 (49%)

31 (47%)

18 (45%)

50 (71%)

18 (51%)

Clearly, as strain rate goes down, Type 2 (Longitudinal splitting)

failures decrease markedly.

out of 105 tests

at strain rate = 10'5/sec, no

samples failed with Type 2 as the primary mode, and only 8 samples had Type 2

as either primary or secondary mode.

rate = 10‘3/sec were 106, 33, and 47.

The corresponding numbers for strain
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At strain rate = 10'5/sec, percentage of failures primarily through
mode 3 (crushing failure) increased from 51% to 71% as temperature went up from
-20°C to -5°C. This pattern was not repeated for tests at strain rate = 10'3/sec.
In fact, there is remarkable consistency in percent failed by each primary mode
for the two temperature levels at strain rate = 10'3/sec.

Another analysis we carried out was to determine if any correlation
exists between whether a test sample failed or not before 5% strain and the
failure modes. Only tests at strain rate = 10-3/sec were considered, as suf-
ficient accurate data were not available for the lower strain rate tests.
Different ways of grouping the different failure modes were tried. One pat-
tern emerged clearly. For the samples that actually failed, Type 2 (longitu-
dinal splitting) was present either as primary or secondary mode in the major-
ity of cases. For the samples that did not fail before 5% strain, exactly the
opposite was true. That is, mode 2 was present either as primary or secondary

mode only in very few cases. The details are given below:

Mode 2 Was Primary Mode 2 Was Not Primary
or Secondary Mode or Secondary Mode
Temp = -=-5°C Temp = =20°C Temp = -5°C Temp = -=20°C
Sample failed before 23 19 3 3
5% strain
Sample did not fail 5 1 36 17

before 5% strain

6. RESIDUAL COMPRESSIVE STRENGTH ANALYSIS

Residual compressive strength is defined as stress at end of test,
Oé, for the samples that continued to 5% strain. & summary by temperature and

strain rates is given below:

Temperature and Average Average

Strain Rate o, (psi) %/ gy
-5°C, 107 3/sec 167 0.20
-20°C, 107 3/sec 222 0.16
-5°C, 10" °/sec 211 0.69
-20°C, 107%/sec 254 0.65

Clearly, at higher strain rate, the ratio of cé/oh is substantially
lower than at lower strain rate. The temperature effect is quite low, and is

found to be not significant statistically (see Appendix 13).
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A plot of porosity vs. (ce/cm) ratio (Figures 6.1-6.4) revealed an

interesting pattern. As porosity increases, the general tendency of the
(Oé/oh) ratio is to decrease for strain rate = 10‘3/sec, and increase at
strain rate = 10‘5/sec. An approximate analysis to confirm this was done by a
regression of (ce/cm) on porosity at different (T,é) levels. The regression
coefficients for porosity were negative for g = 10—3/sec and positive for

€ = 10—5/sec. The models were significant at all (T,E) levels except at

T -5°C, é = 10-3/sec. However, due to large scatter in data and lack of

enough samples at high porosity levels, definitive conclusion cannot be drawn.

7. INITIAL TANGENT MODULUS ANALYSIS

Initial tangent modulus, Ei; were obtained by CRREL from initial

slope of force-displacement curve. The average values are given below:

Strain Rate
Temperature 10‘3/sec 10'5/sec

-5°C 1.02 0.74
-20°C 1.10 0.89

As expected, E; increasés with increasing strain rate and decreases
with increasing temperature. An ANOVA analysis showed both effects to be
highly significant. Large scatter in the data resulted in poor (though sta-

tistically significant) fit (see Appendix 14).

The plots of E; Vs. porosity are given in Figure 7.1-7.4. At 10"3/sec
strain rate, E; decreases with increasing porosity. This conclusion is confirmed
by results from a regression of E; on porosity. At 10'5/sec, there does not
seem to be any definite correlation. Again, this was confirmed by regression
analysis.

We now give below the average Ei values by crystal structure, for
those tests where crystal structure information is present. Number of samples

is given within parenthesis.

1 23 2B plo 3 3a 3B
Strain rate = 107 3/sec  0.87 1.25 0.88 1.26 0,89 1.05
Temperature = =5°C (1) (8) (1) (5) (2) (1)

Strain rate = 10™5/sec  0.80 1.14 0.59 0191 0.62 0.43 0.68
Temperature = ~5°C (3) (6) (1) (1) (2) (n (2)
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As in the case of oh, Type 2A crystals seem to have the highest

initial tangent modulus values for both strain rates. Again, there was quite

a bit of scatter in E; values even within a particular crystal structure (see

Appendix 15).
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Compression Tests of Multi-Year Ridge Ice, Technical Information Report
under review, Shell Development Co., Bellaire Research Center.

3. SAS User's Guide; Statistics, 1982 Edition, SAS Institute, Cary, N. C.

GLOSSARY
N Number of samples.
SIGM o (PSI)
m

Level A (B) Above (Below) Sea Ievel

Prob > |T| Probability of a greater |T| value under the null hypothesis
of equal means. (Low value suggests strongly that means are
not equal.)

POR Porosity (%.)

Pr > F Probability of a higher F value under the null hypothesis of

equal means.

DF Degrees of freedom

AVG_SIGM/ ) Calculated mean/standard deviation of 9 (PSI)

SD_SIGM
RSIGM/ Calculated rank based on AVG_SIGM/SD SIGM
RSDSIGM
R2 Ratio of regression sum of squares to total sum of

squares, Values close to 1.0 indicate good regression fit.
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1

using strains found over the
gauge length

WRC 149-84
Varitable Description Column

Ridge Ridge Number 1= 3
Core Core Number 4
Depth (cm) Depth from Sea Level 6-=12
'ch(psi) Peak stress, or strength 17-20
sm(FS)(%) Strain at oﬁdetermined by the exten-

someter over the full sample length

of 10 in. 21-24
tm(s) Time to peak stress 25-30
Oé(psi) Stress at end of test 31-34
ee(FS)(%) Full sample strain at end of test 35-38
te(s) Time to end of test 39-45
EO(FS)(106psi) Secant modulus determined using full

sample strains 46~50
Si(o/oo) Sample salinity at test temperatﬁre 51-54
ol (lb/ft3) Sample weight desity at test temperature 55-59
VE(O/oo) Brine volume at test temperature 60-63
v, (®/00) Air volume at test temperature 64-68
n(°/o0) Porosity at test temperature 69-73
Vo Init%al Poisson's ratio; circgmferen—

tial and gauge length strain

measurements used 74=77
FPAIL Failure Mechanism; Primary, Secondary 78-81
CRYS Crystal structure 83-85
E. (GL)(1O6psi) Initial tangent modulus determined 86-90
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Note 1: Crystal structure code is given below.

Code Structural Characteristics
Granular I Isotropic, equiaxed crystals
Columnar 11 Elongated, columnar grains
11A Columnar sea ice with c-axes normal to growth

direction. Axes may not be aligned.

IIB Columnar sea ice having random c-axis orientation
(transition ice).

IIC Columnar freshwater ice, may be either anisotropic
or isotropic.

Mixed III Combination“of Types I and II
IIIA Largely Type II with granular veins

IIIB Largely Type I with inclusion of Type I or II ice
(brecciated ice).

Note 2: The Failure mode is coded as follows: the two nonblank characters
(Col. 80 & 81) represent primary and secondary failure mode respectively. The
modes are:

None

Shear Failure
Iongitudinal Splitting
- Crushing Failure

wp - O
'
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APPENDIX 2







VARIABLE

SIGM

41

WRC 149-84
SFFECT OF SEA LEVEL : TEMP =5, STRAIN RATE 10_3 1
LEVEL=A
N : MEAN STANDARD MINIMUM MAXTMIM STD ERROR
DEVIATION VALUE VALUE OF MEAN

25 836.9200000 236.2523753 3446.0000000 1270.000030 47.2524751

- ———— = LEVEL=3 =====a e

44 902.5363536 239.7985677 - 557.0000000 1580.200000 36.1509943




42

WRC 149-84
EFFECT OF SEA LEVEL : TEMP =5, STRAIN QATE 10_3 2
RIDGE=RT1  LEVEL=A
VARIABLE N MEAN STANDARD MINIMUM MAXIMJM  STD ERROR
DEVIATION VALUE  VALUE OF MEAN
SIGM 2 1265.000000 7.07106781 1250.000000 1270.300030 5.00000030
eeeemmemmmem—mceemee===e-m==== RIDGESR]  LEVEL=8 -—=====---s-sssssooscossssss-ses
SIGM 3 1181.666667 351.5085533 915.0000000 1580.000000 202.943616

-=—= RIDGE=R10 LEVEL=8 -

SI5M 4 914.2500000 64.41208479 228.0000000 971.0000030 32.2060424
—————— -—- RIDGE=RZ = LEVEL=A ——— e e o
stoM 4 644.0000000 173.7047303 408.0000000 820.0300030 36.8523652
- RIDGE=R2  LEVEL=8 =-==== ——————— mememmm e m—emm— e
SIGM 8 $33.1250000 213.0334900 674.3030009 1270.000030 75.3187127
—— eme—eeeem=—= RIDGE=R3  LEVEL=A ====-====—==-———s-e=c==—-—o---
SIGM 2 935.0000000 49.49747468 900.0000000 -970.0700030 35.0000000
—————— RIDGE=R3  LEVEL=B =======-===—=—-e--—so——=o=o—--
SIGM 3 922.0000000 50.56673752 870.0000000 971.0000030 29.1947434
- - e—-—ece-v= RIDGE=R4 LEVEL=A =—=====m===—-——=-c——c——o-oe—o-
SIGM 5 303.3000000 97.22653959 659.0000000 910.0000030 43.4313303

- - -—- - RIDGE=R4  LEVELSB =—======wemm—am=—————————o———o-

SIGM 6 770.1666667 98.31869948 617.0000003 910.0200020 40.1384410
- - - cecememememe= RIDGE=R5  LEVELS4 ====—m==--o—co—sosem————————o-
SISM 2 1180.000000 127.2792206 1090.000007 1270.000030 ?0.0200000
—— -—— ~=mm=====--= RIDGE=R5 LEVEL=8 =-——--==<==—=s-=--== cmmmmm————
SIGM 3 910.3333333 116.1043377 816.0000000 1340.200030 $7.0331593
------- —eecmmemmemeemeamm—-=—= RINGE=RS  LEVEL=A -—=——=——-=co=-=——-momom——cooooo
SIGM 2 794.0000000 42.42640687 764.0000000 824.0000030 30.0000000
-—-- - : RIDGE=RS  LEVEL=8 =--=---= mmememememem e —— e e
SIGM 1 852.0000000 852.0000000 852.0200020

-—— -—— RIDGE=R?  LEVEL=A —====m===m==————c—oecoco——wao-

SIGM : 4 783.0000000 227.9415130 437.0000000 1307.000020 113.970756
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WRC 149-84
EFFECT OF SEA LEVEL : TEMP =5, STRAIN RATE 10_3 - 3
RIDGE=R?  LEVEL=3
VARIABLE N MEAN STANDARD MINTMUM MAXIMUM  STD ERRIR
DEVIATION VALUE VALUE OF MEAN

SIGM 8 915.1250000 306.7355480 557.0000000 1540.000030 108.447393
- —=em=—=m--e-== RIDGESRY LEVELSA ====—===ememocecemc—ocoeaao
SIGM 2. 578.5000000 328.8046533 346.0000000 811.0000030 232.500030
- RIDGE=R8  LEVEL=8 - ' -
SIGM 4 978.2500007 454.3385085 587.0000000 1440.000030 227.194254
-~ ==== RIDGE=RY LEVELSA ====emom e oo

SIGM 2 847.5000000 44.54772721 816.0000000 879.0000030 31.5300000
mmemmmmmememememmmeececec—aees RIDGESRY  LEVELSS -=mmmm e cmem s mmememcececeoean
SIGM 4 711.2500000 72.20053093 637.0000000 834.0000030 36.1202655
EFFECT OF SEA LEVEL : TEMP =5, STRAIN RATE 10_5 4

LEVEL=4 \

VARIABLE N MEAN STANDARD MINTIMUM MAXIMYM  STD ERROR
DEVIATION VALUE VALUE OF MEAN

SIGM 23 335.0869565 134.1952150 171.0000000 774.0000030 27.98316366
—-- - - LEVEL=3 -- e e e
SIGHM 48 342.9166567 169.9288754 68.00000000 1090,300020 24.5271235




EFFECT OF SEA
VARTABLE MEAN
SIGM 385.5000000
;;GH i 553-;;00000
SIGM 303.5000000
SIGM 334.2500;;;
o 75030300
;;;M 339.5000;;;-
;;;; - 279.7500000
e o
;;GH 268.0000000
SIGM - 285.0000000
;;GH - 538.2500000
;;SM 342.5555556
;;GM 210.0000;;;-
;:;;-_ 2;;j5000000

44

WRC 149-84
LEVEL : TEMP =5, STRAIN RATE 10_5 5
RIDGE=R1  LEVEL=A
STANDARD MINIMUM MAXIMUM  STD ERRIR
DEVIATION VALUE VALUE OF MEAN
81.31727934 328.0000002 443.0000030 57.5000030
RIDGE=R1  LEVEL=S =====m=-e-—=s===-m=ooo—s====-o
523.7369467 214.0000000 1390.900030 211.368473
RIDGE=R10  LEVEL=A - --
3.53553391 301.0000000 326.000003¢ 2.5000000C
RIDGE=R10  LEVEL=3 =—-=—-======m=-s=-o—ooos====-o-s
44.86553986 272.0000000 359.0000030 22.4327699
RIDGE=RZ  LEVELSA =m=m=m=m=-==--c<—e==m-m==-—==o-
153.4421715 171.0000002 382.0200030 108.500010
RIDGE=R2  LEVEL=B =========—=—-scos=———=cooo—o=--
75.85292787 265.0000000 443.0000030 37.9264639
RIDGE=R3  LEVELZA =======m===—=—==-===c-——c-——--
60.58809014 201.0000000 342.0200030 30.2940451
RIDGE=R3  LEVEL=S -====m=—=—=—-=-=<s=s=-=o=-coo-o
66.59470714 189.0000000 394.0000020 24.4145044
RIDGE=R4  LEVEL=A ===m=m=m=—==-=—sswo=<-oo—o<=oo
21.21320344 253.0000000 233.000003C 15.0200030C
RIDGE=R&  LEVEL=S ====mm=me-=ocoocc———em=—o—o—--
39.73663297 243.0000000 322.0000030 22.9619557
RIDGE=RS  LEVELSA ====-===-———-s=e=s—=—=-—ooo—ooos
193.4052309 376.0000000 774.0200030 36.7025154
RIDGE=RS  LEVEL=8 —=====m===m==e——=o=—co——=oco—oo
55.02751837 279.0000000 452.0200030 18.3425051
RIDGE=RS  LEVEL=A - ——mm e
210.0000009 210.0009020
RIDGE=RS  LEVELZB ———m=m===m=m=—=—o——=—mo=o——o-—
102.5304833 223.0000000 358.0000030 72.5000000
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WRC 149-84
EFFECT OF SEA LEVEL : TEMP =5, STRAIN RATE 10_5 6
RIDSE=R?  LEVEL=A
VARIABLE N MEAN STANDARD MINIMUM MAXIMUM  STD ERROR
DEVIATION VALUE vaLUz OF MZAN
SIGM 2" 300.5000000 85.55992052 240.0000000 351.0000030 50.5000000
- - ~e=mcocm-= RIDGE=R7?  LEVELSS ==-meec=cco=—m—mammmamammmmmen
SIGM 3 301.3333333 276.6845376 68.00000000 607.0000030 159.743892
RIDGESRE  LEVELZA =m=mmmm=c=—mcmomommmamem oo em
SIGM 4 287.7500000 52.92363720 239.0000000 336.000000 26.4613436
= RIDGE=SRS  LEVELSB =—====e=emem oo oeaaao
SIGM 8 373.2500000 219.0595157 148.0000000 752.0000030 77.4492345
————— —— RIDGE=RY  LEVELSS === oo oo ccme e
SIGM 4 275.2500000 14.24483212 255.0000003 287.0000030 7.12244136
EFFECT OF SEA LEVEL : TEMP =20, STRAIN RATE 10_3 7
LEVEL=4
VARIABLE N MZAN STANDARD MINIMUY MAXIMUM  STD ERROR
DEVIATION VALUE VALUE OF MEAN
SIGM 15 1429.666567 233.4999745 1110.000000 1833.000030 $0.28943%2
e e e e e ceeeee - LEVEL=3 e
SIGM 26 1377.307592 187.4578927 1020.000000 1760.300030 36.7635174




EFFECT OF SEA
VARI.ABLE N MEAN
SIGM 2 1395.000000
;;;; o 4 1437.500000
;;SH 2 1674.000000
-
-
-
SIGM 1 1140.000;;;-
;;;;_- S 1372.000000
a2 1asn.coonos
A —
m 2 1osascoonan
;:;;-- o 4 1550.000000
;:GM o 4 13;;.250000
;:;;.-..----‘- 4 12352.500000

46

WRC 149-84
LEVEL : TEMP =20, STRAIN RATE 103 8
RID3E=R1 - LEVEL=A

STANDARD MINIMUM MAXIMJM  STD ERROR

DEVIATION VALUE VALUE OF MEAN
176.7766953 1270.000000 1520.300010 125.000030
RIDSE=R1  LEVEL=3 =—======-==me-——coccoc=—o-—=o-
294.6508220 1020.000000 1550.000030 147.330411
RIDGE=R10  LEVEL=A e mm o=
231.9310242 1510.000000 1338.000030 164.300020
RIDGE=R10  LEVEL=8 -—— e
122.8481447 1230.000000 1480.000030 51.4240724
RIDGE=R2  LEVEL=A =—===-=-em=mememeo——c————=—--
247.4873734 1230.000003 1580.700020 175.000030
RIDGE=R2  LEVELSB ========e==—==---mc—ceo——o=—--
210.1586702 1070.000000 1480.200030 105.079335
RIDGE=R4  LEVEL=A —=—=—=m=====—=mem-—e-cm———o—o--

1140.000000 1140.200030

RIDGE=R4  LEVELSB =———==-o==e=m=mmm-—e-—oo—coo—--
62.20932406 1300.000000 1430.200030 27.820855S
RIDGE=RS  LEVELZA ——==e===m==me————oe——o——-oo—oax
84.35281374 1200.000003 1320.3000)0 $0.0000030
RIDGE=RS  LEVEL=3 ————~om==mmeee—m-——e-—o—coco--

1440.000000 1440.000030
RIDGE=R7

LEVEL=A =m=m=m—memceceeeocomam—man——a—

28.28427125 1720.000000 1760.2300030 20.0000020

RIDGE=R7  LEVEL=3 -—— m———————————
197.1463078 1310.000000 1760.2000J0 78.5731539
RIDGE=R?  LEVEL=A - e
199.3378623 1110.000000 1530.000030 99.6589311
RIDGE=RY?  LEVELSE =====m=m-m===e—=c—o—o—ooom—cao
138.4135313  1120.000000 1400.000020 59.2068157




©

VARIABLE

SIGM

47

WRC 149-84
" EFFECT OF SEA LEVEL : TEMP —-20, STRAIN RATE 10_S 9
LEVEL=A
N MEAN STANDARD MININUM MAXIMIM STD ERRIR
DEVIATION VALUE VALUE OF MEAN

15 414.9333333  105.1186178 28%.0000000 617.0000030 27.1415124

SIGM

= LEVELSR ~—wwcccccccwccccee en e ce o v o w-————

26 389.8461538 98.12713888 170.0000000 557.000000C 19.2443152




VARIABLE

EFFECT OF SEA
N MEAN

2 614.5000000

SIGM

4 4$16.7500000

SIGM

4 383.5000000

SIGM

4 447.0000000

2 362.5000000

SIGM

4 379.5000000

SIGM

- - ——— -

2 353%.3000000

SIGM

4 442.5000000

1 330.0000000

2 332.0000000

2 499.0000000

4 309.2500000

SIGM

2 349.0000300

SIGM

4 373.3000000

48

WRC 149-84
LEVEL : TEMP =20, STRAIN RATS 10_5 . 1¢
RIDGE=R1 LEVEL=A
STANDARD MINIMUM MAXTIMIM STD ER]RIR
DEVIATION VALUE VALUE OF MEAN
3.53553391  4612.0000000 617.0000030 2.50000030
RIDGE=R1 LEVELZS ===—e=e-e—essccscumsesesooosoe
120.9417904 264.0000003 S557.0000030 50.4708%52
RIDGE=RT0  LEVEL=A -— -—
72.72551134 330.0000000 484.0000030 36.3627557
RIDGESR1)  LEVEL=8 =====m=—==m—e—-c-cemcsem-===-=
78.32990880 377.0000000 549.0000030 39.01495644
RIDGE=R3  LEVEL=A —~——=====-===-==—-—-c-cooocowos

103.94469468 289.0000003 436.000002¢ 73.530000C

RIDGE=R3  LEVELSB =—==<m=me==—-—=somoscoo———w—--
140.4053655 170.0000000 468.0000030 70.2025828
RIDGE=R5S  LEVEL=A ===—====—=== ——— --
18.38477631 342.0000000 368.0000020 13.0003030
RIDGE=RS  LEVEL=B ===m=m===me—--ce-ecccoc—cco—oo-
49.25105752 400.0000000 4?5.0200030 24.6255228
RIDGE=RS  LEVELSA =======—-m=—c—cco———ce——=m——--
330.0000000 330.0000030

RIDGE=R6  LEVEL=B ===—===m-—===—=—=-——=-———-=o=--
89.29545443 26%.0000000 395.0200030 53.0000020
RIDGE=RS  LEVELSA ===m=m===—=m====ooo—o—momowoo
32.52691193  475.0000000 522.00000J0 23.0000030
RIDGE=R3  LEVEL=8 -—— -—— -
105.8721714 183.0000000 420.0000030 52.9360857
RIDGE=R9  LEVEL=4 =-—- —— - -—--
16.97056275 337.0030003 361.0000030 12.0000020
RIDGE=RY  LEVEL=S ==m==—=—o—-=--

55.58961603 293.0C00009 27.8443030

411.00200020
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WRC 149-84

EFFECT OF SEA LEVEL : TEMP -5, STRAIN RATE 10_3 1
TTEST PROCEDURE

YARTABLE: SIGM

LEVEL N MEAN STD DEV STD ERROR MINIMUM MAXTMUM

A 25 836.9200000 235.2623753 47.25247507 346.3000200 12723.000000

8 44 902.68363636 239.7985677 35.15099429 557.0000000 1587.000000

VARIANCES T DF  PRO8B > |T|

UNEQUAL =-1.1046 50.5 0.27456

gQuat -1.1000 67.0 0.2753

FOR HO: VARIANCES ARE EQUAL, F’= 1.03 WITH 43 AND 24 DF PRO3 > =%= 0D_,9621
EFFECT OF SEA LEVEL : TEMP -5, STRAIN RATE 10_3 2

RIDGE=R4

TTEST PROCESDURE

VARIABLE: SIGM

LEVEL N MEAN STD DEV STD ERROR MINIMUM MAXTIMUM
A 5 803.0000000 97.22653957 43.48103035 559.2000000 910.0000000
B 6 770.1666667 98.31859948 4D.13844098 617.2000000 910.0000000
YARIANCES T DF  PROB > T}
UNEQUAL 0.5549 3.7 0.5932
EQUAL 0.5542 7.0 0.5929
FOR HQO: VARIANCES ARE EQUAL, §'= 102 WITH 5 AND 4 OF PRO3 > F°= 1.3000
EFFECT OF SEA LEVEL : TEMP =S5, STRAIN RATE 10_5 3

TTEST PROCEDURE

YARIABLE: SIGM

LEVEL N MEAN STD DEY STD ERROR MINIMUM MAXTIMUM
A 23 335.0869565 134.1952150 27.98163643 171.0000000 774.000000
8- 48 342.9166667 169.9238754 24.52712049 63.0000000 1092.2003000
VARIANCES T DF  PROB > |T}
UNEQUAL -0.2104 53.7 0.3341
EQUAL -0.1937 69.0 0.8470

FOR HQO: YARIANCES ARE EQUAL, F°= 1.60 WITH 47 AND 22 OF PRO3 > F"= 0.2328
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WRC 149-84

EFFECT OF SEA LEVEL : TEMP =5, STRAIN RATE 10_5 4
> RIDGE=R3

TTEST PROCEZDURE

VARIABLE: SIGM

LEVEL N MEAN STD DEV STD ERROR MINIMUM MAXTMUM
A 4 279.7500000 460.58809014 33.29404507 201.0000200 342.0002000
8 7 290.1428571 . 64.59470714 24.41450444 189.0000000 394.,0003000
VARIANCES T DF PRO8 > [T}
UNEQUAL -0.2671 6.7 0.7974
EQUAL -0.2620 9.0 0.7992
FOR HO: VARIANCES ARE EQUAL, F’= 114 WITH & AND 3 OF PROB > F’= 0.7950
EEFECT QF SEA LEVEL : TEMP -20, STRAIN RATE 103 1

TTEST PROCEDURE

VARIABLE: SIGM

LEVEL N MEAN STD DEV STD ERROR MINIMUM MAXIMUM

A 15 1429.666667 233.4999745 60.28943417 1110.000000 1333.003000

) 25 1377.307692 187.4578927 35.76351742 1020.000000 1763.00000C

VARIANCES T DF PRO8 > |T]

UNEQUAL 0.7415 24.5 0.4655

EQUAL 0.7870 39.0 0.4360

FOR HO: VARIANCES ARZ EQUAL, F°=- 1.55 WITH 14 AND 25 OF PRO3 > == 2.3278
EFFECT OF SEA LEVEL : TEMP =20, STRAIN RATEZ 103 é

RIDGE=R9

TTEST PROCEDURE

VARIABLE: SIGM

LEVEL N MEAN STD DEV STD ERROR WINIMUM MAXIMUM
A 4 1339.250000 199.3378623 99.66893113 1110.000000 1530.000000
8 4 1252.500000 138.4136313 67.20681566 1120.000000 1407.000000
VARTANCES T pF  PROB > [T}
UNEQUAL 0.7149 5.3 0.504%
EQUAL 0.7149 6.0 0.5015

FOR HO: VARIANCES ARE EQUAL, F°= 2.07 WITH 3 AND 3 DF PRO3 > F7= D.5644
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EFFECT OF SEA LEVEL : TEMP -20, STRAIN RATE 10_5 7
TTEST PROCEDURE

VARIABLE: SIGM

LEVEL N MEAN STD DEV STD ERROR MINIMUM MAXTMUM

A 1%  414.9333333 105.1186173 27.14151041 229.0000300 617.0000000

8 26 389.8461538 98.1271389 17.24431523 179.0000000 557.0000000

VARIANCES T OF PROB > |T]

UNEQUAL 0.7540 27.7 0.4572

EQUAL 0.7634 39.2 0.4469

FOR HO: VARIANCES ARE EQUAL, F°= 1.15 WITH 14 AND 25 DF PRO3 > £°= 0.7382
EFFECT OF SEA LEVEL : TEMP -20, STRAIN RATE 10_5 8

RID3E=R10

TTSST PROCEDURE

VARIABLE: SIGM

LEVEL N MEAl” ° STD DEV  STD ERROR MINIMUM MAXTMUM
A 4 383.5000000 72.72551134 35.36275567 330.0000000 484.0000000
B 4 447.0000000 78.02990880 37.01495440 377.3000000 549.0000000
VARIANCES T oF pRO3 > |T|
UNEQUAL  =1.1906 6.9 0.2790

EQUAL =1.1904 . 8.0 0.2783

Y

FOR HO: VARIANC‘E& ARE EQUAL, F’= 1.15 WITH 3 AND 3 DF PRO3 > F’= 0.%196
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VARIABLE: POR

LEVEL N
3 78

B3 144
VARIANCES

UNEQUAL  4.6079
EQUAL 5.2140

FOR HO: VARIANCES ARE EQUAL, F°=
PRIB > F’= 0.0001

MEAN STD DEV

53
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EFFECT OF SEA LEVEL : ALL DATA

TTEST PROCEDURE

STD ERROR MINIMUM

55453589744 33.565791038 3.80057744 10.10000000
36.15138839 21.64179777 1.80343315 12.300000200

DF  PRO8 > |T]

112.5 0.0001

-0 0.0001

2.41 WITH 77 AND 143 DOF

MAXIMUM

143.0000000C
165.3002000
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EFFECT OF SEA LEVEL : ALL DATA
RIDGE=31

TTEST PROCEDURE
VARIABLE: POR -
LEVEL N MEAN STD DEV STD ERROR WINIMUM MAXIMUM
A 8 28.92500000 17.06531570  5.03350023 12.30000000 59.20003000
8 15 27.00000000 11.19534342  2.89062524 12.90000000 56.200003000
VARIANCES T oF PROB > |T]
UNEQUAL 0.2877 10.3 0.7793
EQUAL 0.3272 21.0 0.7468
FOR HO: VARIANCES ARE ZQUAL, F°= 2.32 WITH 7 AND 14 DF PROB > F’= 0.1700
cmemeeecmemememmeemeemeeccc—=momem= RIDGEZR2 - B it S L
VARIABLE: POR
LEVEL N MEAN STD DEV STD ERROR WINIMUM MAXIMUM
A 8 76.26250000 46.52698369 16.44906573 10.19000300 143.0000000
3 16 4444375000 12.96291987  3.24072997 22.30000300  71.5000000
VARIANCES T DF PROB > |T|
UNEQUAL 1.8979 7.5 0.09656
EQUAL 2.5926 22.0 0.0165
FOR HO: VARIANCES &RE EQUAL, F°=  12.38 WITH 7 AND 15 OF PROB > F’= 0.0001
———— e -- - RIJGESR3 ==mmmmmmwmmcmcmcmscemcesee———————
VARIABLE: POR
LEVEL N MEAN STI DEV STD ERROR WINIMUM MAXTMUM
A 3 $57.35000000 50.64845226 17.90693202 19.23000000 140.5003000
3 1% 33.96428571 16.81375843  4.49366596 15.30000000  $1.1200000
VARIANCES T DF PROB > |T|
UNZQUAL 1.2667 7.9 0.2416
EQUAL 1.5044 20.0 0.1243
FOR HO: VARIANCES ARE EQUAL, F°= 9.37 WITH 7 AND 13 DF SROB > F°= 0.0003
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EFFECT OF SEA LEVEL : ALL DATA
RIDGE=R4

TTEST PROCEDURE

VARIABLE: POR

LEVEL N REAN STD DEV STD ERROR MINIMUM MAXTMUM
A 8 56.15000000 14.603410901 5.16333226 38.10000000 78.70000000

B 14 36.31428571 8.17584220 2.18508574 21.80000000 53.300302000

VARIANCES T  DF PROB > |T|

UNEQUAL 34487 9.5 0.0067

EQUAL 400146 20.0 0.0007

FOR HO: VARIANCES ARE EQUAL, F°= 3.19 WITH 7 AND 13 OF PROB > F’= 0.0677
——— - -~ ——— - RIDGE=RS =——=—===esmemmse——ee—eeceecmo—o—-o

VARIABLE: POR

LEVEL N MEAN STD DEV STD ERROR MINIVMUM MAXIMUM
A B 43.25000000 28.33342297 13.01737776 146.90000000 84.50000000
8 14 34.70000000 13.79574814 3.44893703 16.40000200 61.30002000
YARIANCES T DF PROB > |T|
UNEQUAL 0.8070 8.7 0.5412
EQUAL 1.0061 22.0 0.3253
FOR HO: VARIANCES ARE EQUAL, F°= 4,22 WITH 7 AND 15 DF PRO8B > F’= (.0185

-—-- cmemememcmcocmsee RIDGESRE =emwmmmmmmmemcmceomoooosoesoooeoe

VARIABLE: POR

LEVEL N MEAN STD DEV STD ERROR WINTWYM MAXTMUM
A 6 81.563333333 25.09690552 13.24576877 52.230000C0 118.8300000
3 6 47.76665667 25.01954561 13.21422755 17.43000200  83.1200000
VARIANCES T OF PRO3 > |T|
UNEQUAL 2.3271 10.0 0.0423
EQUAL 2.3271 10.0 0.0423

FOR HO: VYARIANCES ARE EQUAL, F°= 1.31 WITH 5 AND 5 OF PRO8 > F"= J3.9948
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EFFECT OF SEA LEVEL : ALL DATA
RIDGE=RY

TTEST PROCZIDURE

VARIABLE: POR

LEVEL N - MEAN STD DEV STD ERROR MINIMUM MAXIMUM
A 8 57.33750000 22.38142964 7.91303034 30.10000000C $8.2000000

8 15 S52.2%3000000 47.6929943% 12.31427820 12.30000000 1465.3002000

VARIANCES T OF PROB > |T}

UNEQUAL 03797 20.3 0.7080

EQUAL 0.3094 21.0 0.7501

FOR HO: VARIANCES ARE EQUAL, F’= 4.54 WITH 14 AND 7 OF PROB > F’= 0.0517
—emmm—ae e —— ~ RIDGE=RE ========= m————— e

YARIABLE: POR

LEVEL N MEAN STD_ DEV STD ERROR WINIMUM MAXTIMUM

A 3 54.28750000 19.47822502  5.88559250 25.4J3000700 84.70000000

8 16 23.51250000 5.31649947  1.32912487 14.00000000 33.30002000

VARIANCES T DF PRO3 > |T|

UNEQUAL 4.3879 7.5 0.0027

EQUAL 540069 22.0 0.0001

FOR HO: VARIANCES ARE EQUAL, F°=  13.42 WITH 7 AND 15 OF PRO8 > F°= (0.0001
——— ———— =~ RIDGE=RY ==——=m——mmeemmeecoco e cmcmcm e eman

VARIABLE: POR

LEVEL N MEAN STD DEVY STD ERROR MINIMUM MAXIMUM

A 3 80.38750000 34.03231395 12.03223999 35.43000000 117-4000006

8 16 46.63125000 16.21730983 $.05437746 19.32000000 71.1302090

VARIANCES T DF PROB > |T|

UNEQUAL 2.48586 8.5 0.0271

EQUAL 3.3306 22.0 0.0031

FOR HO: YARIANCES ARE EQUAL, F’= 4.40 WITH 7 AND 15 DF PROB > F"= 0.0154
EFFECT O0F SEA LEVIL : ALL DATA 5

RIDGE=R1Q

TTEST PROCEZDURE
VARIABLE: POR

LEVEL N MEAN STD CEV STD ERROR MINIVUM MAXIMUM

A 3 25.30000000 9.09850851 3.21680853 14.403000002 40.10000000
3 16 21.83125000 8.80005445 2.20001381 12.40000200 45.20000000
VARIANCES T OF PROB > |T1
UNEQUAL 1.0184 13.7 0.3262
EQUAL 1.0303 22.0 0.3141

FOR HO: VARIANCES ARE EQUAL, F’= 1.37 WITH 7 AND 1S DF PROB > F*= 0.8568
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STR_RATE=10_3

VARIABLE N MEAN STANDARD
DEVIATION
SIGM 69 B78.8260870 233.9053981
STR_RATE=10_3
SIGM 41 1396.463415 204.1996691:
- STR_RATE=10_5
SIGM 71 340.3802817 158.3080511:
-— STR_RATE=10_5
SIGM 41 399.0243902 100.1759671

TEMP== 5
MINIMUM MAXIMUM® STD ERROR
VALUE VALUE QF MEAN
346.0000000 1530.000000 28.7608903
TEMP=—-20
1020.000000 1333.000000 31.89%06305
TEMP=— 5
63.00000000 1090.000000 18.7877091
TEMP=-20 -
170.0000000 617.0000000 15.6448576
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STR_RATE=10_3 TEMPs— 5 RIDGE=R}
VARIABLE N MEAN STANDARD MINIMUM MAXIMUM STD ERROR
DEVIATION VALUE VALUE OF MEAN
SIGH 5 $215.000000 252.7350391 915.0000000 1530.000000 113.026546
STR_RATE=10_3 TEMP=— §  RIDGE=R2
SIGM 12 836.7500000 239.5295104 408.0000000 1270.000030 69.14462137
- STR_RATE=10_3 TEMPs= 5  RIDGE=R3
SIGH 5 927.2000000 4406472512 870.0000000 971.0000000 19.7063462
STR_RATE=10_3 TEMP=— 5 RIDGE=R4 -—— -—
SIGH: 11 785.0909091 94.38480232 617.0000000 $10.0000000 28.4580887
-_ STR_RATE=10_3 TEMP=- 5  RIDGE=RS5 -—
SIGM S 1018.200000 180.5718693 816.0000000 1270.000000 80.7541949
STR_RATE=10_3 TEMP=— 5  RIDGE=Ré -
SIGM 3 B13.3333333  44.95924080 764.0000000 852.0000000 25.9572298
STR_RATE=10_3 TEMP== 5  RIDGE=R? - -
SIGM 12 871.0833333 279.7776579 487.0000000 1540.000000 30.7548531
STR_RATE=10_3 TEMP=— S  RIDGE=RS - -
SIGM 6 845.0000000 433.7247975 346.0000000 1440.000000 177.067407
STR_RATE=10_3 TEMP=— 5  RIDGE=RY -
SIGM 6 756.6666667 92.06012528 637.0000000 879.0000020 37.5833888
STR_RATE=10_3 TEMP=- 5 RIDGE=R10 —--- -
SIGM 4 914.2500000 64.41208479  323.0000000 971.0000000 32.2060424
STR_RATE=10_3 TEMP=-20 RIDGE=R1 -
SIGM 6 1423.333333 242.5420926 1020.000000 15650.000000 99.0173947
STR_RATE=10_3 TEMP=—-20 RIDGE=R2 -
SIGM 6 1311.666667 209.7061436 1070.000000 1580.000030 85.6121746
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STR_RATE=10_3 = TEMP=-20 RIDGE=R4
YARIABLE N MEAN - STANDARD MINIMUM MAXIMUM  STD ERROR
DEVIATION VALUE VALUE OF KEAN
STGH 6 1333.333333 109.8483804 1140.000000 1430.000000 44.8454135
STR_RATE=10_3. TEMP=-20 RIDGE=R6 -_—
SIGM 3 1320.000000 120.0000000 1200.000000 1440.000090 §9.2820323
remoe-m= STR_RATE=10_3 TEMP==20 RIDGE=R? ‘ S
SIGM 6 1613.333333 181.9523747 1310.000000 1760.000030 74.2817459
- STR_RATE=10_3 TEMP=-20 RIDGE=R9 - -—
SIGM 8 1295.875000 165.500%855 1110000000 1530.000030 58.5132578
STR_RATE=10_3 TEMP=—20 RIDGE=R10-
SIGH 6 1473.000000 209.8904476 1230.000000 1838.000030 35.6874%164
- STR_RATE=10_S TEMP==' S5  RIDGE=R1 -
SIGM 6 '497.5000000 341.4391680 214.0000000 1090.000000. 139.391953
STR_RATE=10_S TEMP=- 5  RIDGE=R2 - --
SIGM 6 319.5000000 95.50445016 171.0000000 443.0000000 38.9395285
STR_RATE=10_5 TEMP=— 5  RIDGE=R3
SIGM 11 286.3636364 460.26818850 189.0000000 394.0000000 18.1715426
STR_RATE=10_5 TEMP== 5 RIDGE=R4 - -—
SIGM 5 278.2000000 31.44360030 243.0000000 322.0000000 14.0620055
STR_RATE=10_5 TEMP=—= 5§ RIDGE=RS -
SIGM 13- 402.7692308 142.1537629 279.0000000 774.0000000 39.4263601
STR_RATE=10_S TEMP== 5 RIDGE=R6 - -
 SIGM 3 267.0000000 87.70974860 210.0000000 368.0000000 50.6392470
- STR_RATE=10_;5 TEMP=— S  RIDGE=R7 ‘
SIGMH S 301.0000000 200.2685